Across solid state quantum information, materials deficiencies limit performance through enhanced relaxation, 10 charge defect motion or isotopic spin noise. While classical measurements of device performance provide cur-11 sory guidance, specific qualifying metrics and measurements applicable to quantum devices are needed. For 12 quantum applications, new materials metrics, e.g., enrichment, are needed, while existing, classical metrics 13 like mobility might be relaxed compared to conventional electronics. In this work, we examine locally grown 14 silicon superior in enrichment, but inferior in chemical purity compared to commercial-silicon, as part of 15 an effort to underpin the materials standards needed for quantum grade silicon and establish a standard 16 approach for intercomparison of these materials. We use a custom, mass-selected ion beam deposition tech-17 nique, which has produced isotopic enrichment levels up to 99.99998 % 28 Si, to isotopically enrich 28 Si, but 18 with chemical purity > 99.97% due the MBE techniques used. From this epitaxial silicon, we fabricate 19 top-gated Hall bar devices simultaneously on the 28 Si and on the adjacent natural abundance Si substrate 20 for intercomparison. Using standard-methods, we measure maximum mobilities of ≈ (1740 ± 2) cm 2 /(V · s) 21 at an electron density of (2.7 × 10 12 ± 3 × 10 8 ) cm −2 and ≈ (6040 ± 3) cm 2 /(V · s) at an electron density of
of a device fabricated on 28 Si spot is shown in Fig. 1(b) . layer. An optical micrograph of the gated multi-terminal
160
Hall bar device is shown in Fig. 1(c) .
161
The isotopic enrichment of the 28 Si epilayers is 162 measured by using Secondary Ion Mass Spectrometry 163 (SIMS). In Fig. 1(d where the phase coherence length (l φ ) is greater than 237 the mean free path (l) 32,33 . Relative to the zero field 238 resistance, the weak-localization is larger for the device 239 fabricated on isotopically enriched 28 Si.
240
To further investigate the WL behavior of these de- 
where Ψ is the digamma function, l is the mean free 250 path, l Φ is the phase coherence length, and α is a con-251 stant close to unity. In Fig. 3 , the solid lines are the 252 fits to experimental data (symbols) using the HLN equa-253 tion. For these fits, we use the calculated values of l Fig. 3 inset.
Device a b c Adjusted (10 10 s −1 ) (10 10 K −1 s −1 ) (10 10 K −2 s −1 ) R-square 28 Si 6.6 ± 2 3.1 ± 0.7 0.60 ± 0.08 0.997 nat Si 5.1 ± 0.4 -1.5 ± 0.1 0.989 square. For the natural abundance Si, the best fit is 278 achieved when the linear term is set to zero, i.e., b = 0.
279
Consequently, for natural abundance Si the dominant 280 scattering mechanism appears to be the electron-electron 281 (long-range) scattering. In contrast, for isotopically en- and τ q is the single particle (quantum) lifetime. 38-40 299 To extract the amplitude of SdH oscillations, we first 300 subtract a slow varying background from R xx 41 to isolate 301 the oscillatory part of R xx . The R xx after background 302 subtraction (∆R xx ) is plotted against 1/B in Fig. 4(a) .
303
Then we extract the amplitude A SdH as schematically 304 defined in Fig. 4(a) at each minima of ∆R xx and 305 calculate ln(A SdH /X(T )). Figure 4 least-squares-fit to Dingle plots at each temperature.
314
The calculated values of the transport lifetimes, where 315 τ = µm * /e, using the magnetotransport measurement 316 at low magnetic fields for both devices, are also plotted 317 in Fig. 4 (c) .
318
For the device fabricated on 28 Si, the ratio of τ /τ q ≈ 1, 319 and for the device on nat Si the ratio of τ /τ q ≈ 
